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on  Heavy  Lift  Helicopters  with  a  minimum  payload  of 
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capcbilities  of  the  heavy  lift  helicopters. 
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UNCLASSIFIED  REPORT 


DESCRIPTORS!  ^helicopter  rotors,  AERODYNAMIC 
characteristics;  hovering;  landings,  lift,  load 

DISTRIBUTION,  MATHEMATICAL  ANALYSIS,  TAKE-OFF !  THEORYi 
translations,  velocity,  VORTICES  tu> 

IDENTIFIERS:  USSR,  HEAVY  lift  HELICOPTERS  cui 

results  of  experimental  RESEARCH  on  HELICOPTER 
ROTORS  ARE  PRESENTED  iN  THE  HOVERING  REGIME. 
optimum  PARAMETERS  are  DISCUSSED  FOR  HEAVILY  LOADED 
ROTORS'.  A  GENERALIZED  VORTICITY  THEORY  OF  THE 
HELICOPTER  LIFTOBORONGIZ;  MOSKVa!  1*Up'„,  1961) 
UNCLASSIFIED  REPORT  DESCRIPT0RS:_*HELIC0PT  r 
rotors!  LOAD  DIS  TRIBUTION,  LIFt!  VORTICES! 
velocity,  aero  dynamics,  t  ke-off,  landing! 
mathematical  analysis,  theory;  ussr, 
translations,  identifiers:  HOVERING,  results 
OF  EXPERIMENTAL  RESEARCH  ON  HELICOPTER  ROTORS  ARE 
PRESENTED  IN  THE  HOVERING  REGIME.  OPTIMUM 
PARAMETERS  Are  discussed  for  heavily  LOADED  ROTORS. 

A  GENERALIZED  VORTICITY  THEORY  OF  THE  HELICOPTER 

lifting  ro  or  is  se  forth;  this  makes  t  possible  to 
DETERMINE  the  INDUCED  velocity  a  any  POINT  in  SPACE 
for  the  basic  flight  mode,  the  results  of 
aerodynamic  research  on  computation  of  the  flight 
characteristics  of  the  helicopter  rotor  in  the 
vertical-descent  mode  are  set  forth,  meynods  are 
given  for  DETERMINING  T':£  characteristics  of  the 
ROTOR.  (AUTHOR)  <U) 
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ROTORS j  AERODYNAMIC  CONFIGURATION^  WEIGHT, 

AUTOGYROS,  STABILITY,  CONTROL^  AIRFRAMES, 

CARGO ,  PAYLOAD,  DUCTS#  FEASIBILITY  STUDIES.  (U> 
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HELICOPTERS  CU) 

A  PRELIMINARY  DESIGN  STUDY  HaS  BEEN  COMPLETED  OF  A 
T*IN-ENGINE  HOT  CYCLE  RESEARCH  HELICOPTER  UTI  LIZING 
THE  existing  rotor  with  the  following  de  SIGN 
OBJECTIVES:  (1)  15^300  Lfl  DESIGN  GROSS  WEIGHTS 
( 2  >  25^500  LB  ALTERNATE  HEAVy-LIFT  HOVERING 
GROSS  WEIGHT;  (3)  1M9  «T  Aj  A  GROSS  WEIGHT  OF 
15,300  LB,  HELICOPTER  MOOES  AND  I  *» )  197  KNOTS  AT 
A  GROSS  WEIGHT  OF  10,000  LB  AUTO  GYRO  MODE,  MAJOR 
DESIGN  AREAS  COVERED  IN  THE  STUDY  INCLUDE  THE  ROTOR 
MODIFICATIONS;  AIRFRAME,  ENGINE  INSTALLATION;  ENGINE 
CONTROLS,  FLIGHT  CON  TROlS i  DIVERTER  V ALVES i  BLADE 

duct  valves,  flight  instrumentation,  electrical 
system;  hydraulic  system;  and  fuel  system, 
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PROPERTIES,  FaTIGUE(MECHANICS)  ,  REDUCTION  GEARS  \ 

CONTROL  SYSTEMS  CJ» 

MECHANICAL  drive  systems  for  heavy-lift  TANDEM- 
ROTOR  HELICOPTERS  WERE  STUDIED.  THREE-  AND  FOUR- 
ENGINE  CONFIGURATIONS  were  ANALYZED. 

CONFIGURATIONS  INCLUDED  AFT-MOUNTED  AND  FORE-  AND 
AFT-MOUNTED  ENGINES,  SINGLE  AND  DUAL  DRUE  SYSTEMS  • 

And  high-mounted  and  low-mounted  aft  planetaries. 

WEIGHTS  WERE  ESTIMATED.  PROBLEMS  OF  GEAR  SURFACE 
DURABILITY,  MULTIENGINE  control,  and  over-running 
CLUTCHES  were  defined,  the  effects  OF  INCREASED 
gear  tooth  bending  fatigue  strength,  higher  bearing 
CAPACITY,  JUPERCRITICALSPEED  SHAFTING^  AND  THE  USE  OF 
TITANIUM  and  improved  FERROUS  METALS  WERE  EVALUATED, 

IN  THE  MORE  SIGNIFICANT  FACTORsi  THE  SATISFACTORY 
SOLUTION  OF  THE  HEAV Y-L I  FT  HELICOPTER  DRIVE  SYSTEM 
LIES  WITHIN  THE  CURRENT  STATE-OF-THE-ART.  (AUTHOR) 
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A  MAIN  POKER  SYSTEM  FOR  SHAFT-DRIVEN  HEAVY  LIFT 
HELICOPTERS.  (U) 
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UNCLASSIFIED  REPORT 
supplementary  note: 

DESCRIPTORS:  {^HELICOPTER  ENGINES^  DESIGN)  i 

(•HELICOPTERS^  POKER).  ( *TURB  I NES  .  HELICOPTERS). 
HELICOPTER  ROTOPSj  TRANSMISSIONS,  SHAFTS  (U) 

IDENTIFIERS:  TIGR  (TURBINE  integrated  geared 
ROTOR)  (U) 

MULTIPLE  GAS  GENERATORS,  INSTALLED  IN  A 
CONVENTIONAL  HORIZONTAL  POSI_lONi  ARE  ALL  GAS-COUPLED 
To  THE  SAME  PERIPHERALLY-CRI ven  remote  turbine  of  THE 
lift  AND  CRUISE  fan  type,  the  REMOTE  TURBINE  is 
MOUNTED  CO-AXIALLY  TO  A  SPEED-REDUCING  GEARBOX  KHICH 
IS  ALSO  COAXIAL  KITH  THE  ROTOR.  THE  CONCEPT  IS 
KNOKN  AS  THE  TURBINE  integrated  GEARED  ROTOR 
’TIGR*'.  THE  TIGR  ARRANGEMENT  ELIMINATES  FROM 
TRANSMISSION  DESIGN  THE  FUNCTIONS  OF  ENGINE 
COMBINING,  CHANGE  OF  DIRECTION^  PART  OF  The  REQUIRED 
SPEED  REDUCTION  FROM  CONVENTIONAL  ENGINE  SPEED  TO 
ROTOR  SPEED,  MISALIGNMENT  COUPLINGS  AND  ALL  OF  THE 

multiple  individualengine  overrunning-clutch 

PROVISIONS  REQUIRED  FOR  ENGlNEOUT  OPERATION  AND  FOR 
AUTOROTATION.  A  THREE-PHASE  PROGRAM  OF  DES I GN \ 

ANALYSIS,  AND  COMPARATIVE  EVALUATION  OF  TlGR^ 

INCLUDING  THE  EFFECT  ON  ADJACENT  SYSTEMS  AND  T«E 
RESULTING  HEAVY  LIFT  HELICOPTER  ( HLH ) 

AIRCRAFT,  IS  PRESENTED.  THE  RESULTS  SHOK  TiGR 
HAS  A  280  PERCENT  IMPROVEMENT  IN  MEAN  TIME  BETWEEN 

mission-abort  failure  over  conventional  multiple 

ENGINE/TRANSMISSION  PRACTICE  FOR  THE  ENTIRE  HLH 
POKER  TRAIN  FROM  the  engine  INLETS  TO  THE  ROTOR  HUB. 
COST  PER  HLH  FLIGHT  HOUR  IS  REDUCED,  AND  THE  HIGH 

fuel  efficiency  of  mechanically-driven  rotors  is 

RETAINED.  TIGR  IS  BELIEVED  TO  BE  EMINENTLY 

practical  and  is  ready  for  oynamic  testing, 

(AUTHOR)  4  (U) 
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DESIGN) ^  ROTOR  BLADES ( ROT ARY  RINGS),  HOVERING, 

fuel  pumps,  jet  engine  inlets;  lift 
identifiers:  heavy  lift  HELICOPTERS 


CU) 
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the  report  discusses  the  design  of  the  model  ??7- 

1  ENGINE  FOR  ROTOR  TIP  OPERATIONAL  ENVIRONMENT. 

The  detail  DESIGN  meets  requirements  of  h I l-e- 

5007B  EXCEPT  FOR  ITEMS  PECULIAR  TO  ROTOR  TIP 

operation,  these  items  include  operational 
attitudes,  effect  of  continuous  gyroscopic  COUPLES 
and  high  g  field  environment,  the  report  includes 
an  analytical  design  analysis  of  the  static 
structure,  rotating  elements;  bearings;  accessory 

system;  and  MISCELLANEOUS  ENGINE 


drives 

PARTS. 
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LIFT  fU> 
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The  REPORT  DESCRIBES  The  OESIGN  LAYOUT  studies 
PERFORMED  during  the  preliminary  design  of  A  tip 
TURBOJET  ROTdr  SYSTEM  APPLICABLE  to  a  helicopter  of 
60,000  POUNDS  TO  80,000  POUNDS  GROSS  WEIGHT.  THE 

basic  rotor  system  geometry  for  which  these  studies 
were  performed  was  established  by  means  of  a 

PARAMETRIC  DESIGN  study.  DESIGN  INVESTIGATIONS  WERE 
DIRECTED  PRIMARILY  TOWARDS  T HE  COMPONENTS  ABOVE  THE 
ATTACHMENT  Of  the  ROTOR  SYSTEM  TO  THE  AIRFRAME. 

these  included  rotor  hub  and  blade  retention 

CONF IGuRaTION j  ROTOR  BLADE  STRUCTURAL  ARRANGEMENT j 
power  plant  installai  :zu't  flight  controls ,  and 
airframe/rotor  mounted  fuel,  lubrication;  electrical^ 

ENGINE  STARTING,  AND  POWER  MANAGEMENT  SYSTEMS. 
CONSIDERATION  WAS  also  GIVEN  TO  TAIL  ROTOR  AND 
ACCESSORIES  DRIVE  SYSTEMS.  THESE  DESIGN  STUDIES 
AND  ASSOCIATED  STRESS  AND  WEIGHT  ANALYSES  HAVE 

established  the  practicability  of  the  design  and 
fabrication  of  the  tip  turbojet  rotor  system^  as  y.ell 

as  PROVIDING  VERIFICATION  FOR  the  SYSTEMS’  WEIG1'  S 
ESTABLISHED  BY  THE  PARAMETRIC  DESIGN  STUDY  WEIGHT 

equations,  development  of  a  tip  turbojet 

HELICOPTER  of  60 ;  000  Pounds  TO  80,000  POUNDS  GROSS 
YEIGHT  HAS  Been  found  to  be  well  within  The  state  0“ 

THE  ART  of  all  TECHNOLOGIES  ASSOCIATED  WITH  THE 
design  and  Fabrication  of  an  aircraft  of  this  type, 
(author:  (U, 
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the  report  presents  the  structural  design  criteria', 
STATIC  design  LOADS,  AND  DYNAMIC  DESIGN  LOADS  FOR  THE 
MODEL  1108  HELICOPTER.  THE  VOLUME  IS  THE  BASIS 
FOR  TPr  STRUCTURAL  DESIGN  AND  ANALYSIS  OF  THE  TIP 
TURBOJET  MAIN  ROTOR  SYSTEM.  {AUTHOR)  CUl 
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The  ST; DIES  PERTAIN  to  DYNAMIC  AND  AEROELASTIC 
PHENOMENA  OF  THE  ROT°R  SYSTEM  FOR  A  HEAVY-LIFT 

helicopter  employing  turbojet  en-ines  mounted  at  the 

TIPs  OF  THE  ROTOR  BLADES.  A  MAJORiTY  oF  The  ROTOR 

blade  frequency  and  blade  Flutter  boundary  work  was 
ACCOMPLISHED  using  A  LUMPED  MASS  rotor  3LADE 
SIMULATION  ON  A  DIRECT  ANALOG  COMPUTER’.  THE 

important  results  of  these  studies  as  well  as  other 
dynamic  investigations  which  are  necessary  to  insure 

ADEQUATE  HELICOPTER  PERFORMANCE  ARE  INCLUDED*. 
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the  REPORT  DISCUSSES  STATISTICAL!  ^ALYTICal!  AnO 
EMPIRICAL  WEIGHT  ANALYSIS  METHODS  USED  TO  EVALUATE 
THE  EMPTY  WEIGHT  oF  THE  HELICOPTER*  BLADE  LAG 
CHARACTERISTICS  ARE  ALSO  DISCUSSED,  INCLUDING  AN 
analysis  showing  blade  lag  ANGLES  WITH  ONE  AND  TWO 
ENGINES  INOPERATIVE.  INCLUDED  ARE  AIRCRAFT  8ALANCE 
PREDICTIONS.  (AUTHOR)  'US 
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HILLER  AIRCRAFT  OIV  FAIRCHILD  HILLER  CORF  PALO  ALTO 
CALIF 


HEAVY-lIFT  TIP  turbojet  rotor  system,  volume  VIII. 
WIND-TUNNEL  studies,  CU> 

DESCRIPTIVE  note:  TECHNICAL  SEPT. 

OCT  65  5S0P 

REPT.  NO*.  ENGIN‘.£RING-6S-M8 
CONTRACT:  DA-SM-177-AHC-25JT) 

PRCJJ  DA-IM121R010IS-4 
task:  IHI21S01D1RS12 

MONITOR:  USAAvlABS  I  TR-6M-68H 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  note;  see  also  ad-621*  817, 

DESCRIPTORS:  {•HELICOPTER  ROTORS,  DESIGN),  < .ROTOR 

BLADEStROTARV  RINGS),  MOOEL  TESTS).  C  ^NACELLES » 

MODEL  TESTS),  AERODYNAMIC  CONFIGURATIONS,  *InD 
TUNNEL  MODELS^  LIFT,  TUR80JET  ENGINES^ 

HELICOPTERS^  HYPERSONIC  FLOW  CU) 

IDENTIFIERS:  HEAVY  lift  HELICOPTERS  CM) 

WIND-TUNNEL  TESTS  WERE  CONDUCTED  TO  PROVIDE  NACELLE 

DESIGN  INFORMATION  WHICH  WOULD  ASSIST  IN  THE  DESIGN 
OF  THE  TIP  TURBOJET  INSTALLATION.  THE  MODEL  WAS 
CONSTRUCTED  TO  PROVIDE  FOR  SINGLE*  OVER-UNDER!  ANO 
SIDE-Br-SIDE  ENGINE  ARRANGEMENTS.  THE  NACELLE 
LOADS  *£RE  measured  WITH  a  su.-component  STRAjN-GaGE 
balance,  tests  were  CONDUCTED  at  nacelle 

REYNOLDS  NUMBERS  FRQM  <i5c»000  TO  1^630^000  KITH 

most  of  the  data  taken  at  the  higher  value,  the 
MODEL  PITCH  angle  WAS  VARIED  FROM  -3  DEGREES  TO  .1? 
DEGREES  ANO  THF  YAW  ANGLE  WAS  VARIED  FROM  -20  DEGREES 

TO  «-20  degrees,  nacelle  inlet  to  freestp.eam 

VELOCITY  RATIOS  WERE  VARIED  FROM  C  TO  ,762 5~,  THE 
MAXIMUM  OBTAINABLE  WITH  FREEsTREAP  TOTAL  PRESSURE 

supplying  the  energy  necessary  to  overcome  internal 

LOSSES,  {AUTHOR)  ,-U) 
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HILLER  AIRCRAFT  DIV  FAIRCHILD  HILLER  CGRP  PALO  ALTC 
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HEAVY-lIFT  TURBOJET  ROTOR  SYSTEM.  VOLUME  XII.  FUEL 
PUMP  and  control  system  design.  <U1 

descriptive  note:  technical  REPT. 

OCT  65  1 52P 

CONTRACT:  CA-*t**-l77-AMC-25(  T> 

PROj:  DA-1M121901D1MM 

TASK:  1H121M01D1HH12 

MONITOR:  USAAVLABS  .  TR-69-68L 

UNCLASSIFIED  report 

SUPPLEMENTARY  NOTE:  prepared  in  COOPERATION  #ITH 
CONTINENTAL  AVIATION  and  ENGINEERING  CORP . . 

DETROIT^  MlCH.i  REPT.  NO.  CAE-993.  SEE  ALSO  AD- 
62**  716. 

DESCRIPTORS:  {-HELICOPTER  ROTORSi  DES I GN ) i  c-FUEL 

PUMPsi  design ) ,  {-HELICOPTER  engines,  fuel 
PUMPS ) ^  CONTROL  SYSTEMS^  TURBOJET  ENGINES, 

HOVERING.  FEASIBILITY  studies;  LIFT  cUi 

IDENTIFIERS:  HEAVY  lift  HELICOPTERS  CMJ 

The  report  discusses  The  proposal  OF  a  COMBINATION 
HYDROHECHANICAL-ELECTRONJC  FUEL  CONTROL  AND  FUEL  PUMP 
FOR  CONTROL  OF  A  HELICOPTER  ROTOR  TIP  MOUNTED  ENGINE 
<CAE  MODEL  357-1 )  WHICH  DURING  NORMAL  OPERATION 
IS  SUBJECTED  TO  235G  OF  CENTRIFUGAL  FORCE.  THE 
proposed  preliminary  DESIGN  IS  SUBMITTED  TO  MEET  THE 
SPECIFICATION  REQUIREMENT  OF  THE  ENGINE  IN  THE  TIP 
TURBOJET  HOVER  MODE  OF  OPERATION.  ANALYTICAL 
DESIGN  STUDIES  AND  PRELIMINARY  TEST  RESULTS  SHOW 
FEASIBILITY  OF  THIS  design  FOR  OPERATION  in  A  2356 
field.  (AUTHOR)  (U> 
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HEAVY-LIFT  Tip  TURBOJET  rotor  system,  VOLUME  f.  CU) 

descriptive  note:  summary  rept. 

65  1 1 3p 

REPT.  NO,  ER-6R-H 1 
CONTRACT:  DA-R*»-177-AMC-25(T) 
task:  1M121R01D1RR12 

MONITOR:  USAAVLABS  ,  TR-69-68 A 

UNCLASSIFIED  report 
SUPPLEMENTARY  NOTE: 

DESCRIPTORS:.  (^HELICOPTER  ROTORS,  DESIGN), 

HELICOPTERS,  TURBOJET  ENGINES^  LIFT, 

PERFORMANCE(ENGINEERING) ,  HEIGHT,  STABILITY  ,u» 

IDENTIFIERS:  HEAVY  LIFT  HELICOPTERS  (>U 

The  STUDY  of  a  t IP-TURBO JET-POWERED  rotor  SYSTEM 
FOR  A  nEAVY-LIFT  HELICOPTER,  WHICH  IS  PRESENTED  IN 
THIRTEEN  VOLUMES;  IS  SUMMARIZED,  INCLUDED  UNDER 
THIS  general  SUBJECT  ARE  STUOIES  ON  parametric 
OESIGN^  PERFORMANCE,  STRUCTURES  AND  DYNAMICS^  WIND 
TUNNEL,  PRELIMINARY  DESIGN,  WEIGHT  AND  BALANCE  It 
STABILITY,  AnO  POWER  PLANT.  (AUTHOR)  {Ul 
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HILLER  AIRCRAFT  CORP  PALO  ALTO  CALIF 

heavy-lift  tip  turbojet  rotor  SYSTEM,  VOLUME  II. 
PARAMETRIC  DESIGN  STUDY.  <U> 

DESCRIPTIVE  note:  engineering  rept. 

OCT  65  1  (IMP 

REPT.  NO.  ER-6H-R2 
CONTRACT:  DA-R'4-17  7-AMC-25tT) 

TASK:  1M121R01D19<U2 

monitor:  USAAVLABS  ,  TR-6H-68B 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE:  SEE  ALSO  AD-625  818. 

DESCRIPTORS:  (»HELIC0PTER  ROTORSi  DESIGN), 

HELICOPTERS,  lift;  turbojet  engines,  rotor 
BLaDES(ROTARY  RINGS),  OPTIMIZATION,  RE  I GHT  ! 

aerodynamic  characteristics',  configuration  tu> 

IDENTIFIERS*  heavy  lift  HELICOPTERS  C M i 

the  papametric  analysis  deterk'nes  the  optimum 

OESIGN  PARAMETERS  OF  A  2 ,000-LB. -PAYLOAO  HELICOPTER 
POREREO  BY  TURBOJET  ENGINES  INSTALLED  AT  THE  ROTOR 
BLADE  TIPS.  THE  METHOD  USED  DETERMINED  A  GROSS 
RE  I GHT  RHICH  »rULO  SATISFY  STATISTICAL  COMPONENT 

weight  equations  and  aerodynamic  equations 

SIMULTANEOUSLY.  THE  OPTIMIZING  CRITERION  R*S  THE 
MINIHUM  GROSS  REIGHT  REQUIRED  TO  PERFORM  A  SPECIFIC 
MISSION.  THE  RESULTS  CF  THE  ANALYSIS  INDICATE  THAI 
THE  OPTIMUM  CONFIGURATION  USING  THE  CONTINENTAL 
MODEL  357-1  ENGINE  IS  A  HELICOPTER  *ITH  (A) 

four  blades,  t b >  tro  engines  per  blade!  and 

( c  >  A  CRANETYPE  FUSELAGE,  the  OPTINUM 

configuration  with  a  generalized  or  ’rubber*  engine 
IS  A  HELICOPTER  N I Tn  (A)  THREE  BLADES!  (B) 

ONE  ENGINE  PER  BLADE,  AND  <C>  A  CRANETYPE 

fuselage.  (Author)  cu> 
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STRUCTURAL  ANALYSIS.  (U> 
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CONTRa:T:  DA-99-l77-AMC-25(T) 

task:  1M121R0JD!  412 

MONITOR:  USAAVLABS  ]  TR-6M-68E 

UNCLASSIFIED  report 

SUPPLEMENTARY  note:  SEE  also  ad-624*  Bin. 

DESCRIPTORS:  (•HELICOPTER  ROTORS,  DESIGN)  ;  (.rotor 

BLADES(ROTARY  WINGS),  DESIGN)"  HELICOPTERS^ 

turbojet  engines,  lift,  stresses  (U) 

identifiers:  heavy  LIFT  HELICOPTERS  cMj 

The  report  discusses  stress  CALCULATIONS  for  major 
STRUCTURAL  COMPONENTS  OF  THIS  SYSTEM.  TIP  ENGINE 

attachment  hardware  is  also  analyzed,  (author)  (U> 
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HILLER  AIRCRAFT  CORP  PALO  ALIO  CALIF 

HEAVY-LIFT  TIP  TURBOJET  ROTOR  SYSTEM.  VOLUME  IX. 
PERFORMANCE  ANALYSIS.  (U> 

DESCRIPTIVE  note:  engineering  rept. 

OCT  65  73P 

REPT.  NO.  ER-6R-99 
CONTRACT:  DA-R*4-177-AHC-25<T> 

PROj:  DA-1H121M01D1R9 

task:  1M121*»01D1‘H12 

monitor:  USAAvlABS  ,  TR-6B-681 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE:  SEE  ALSO  AD-621*  813. 

DESCRIPTORS:  (•HELICOPTER  rotors,  design 

(•HELICOPTERS;  PERFORMANCE(ENGINEERING)  ) 

ANALYSIS,  lift,  turbojet  engines, 
configuration;  rotor  BLADESIROTARY  rings 
identifiers:  heavy  lift  HELICOPTERS 

the  report  presents  a  performance  and 
CHARACTERISTICS  summary  of  the  MODEL  1108  TIP 
TuRBOJET-PORERED  HtAVYLlFT  HELICOPTER,  the 
configuration  ras  SELECTEO  From  a  parametric  analysis 
(USAAVLABS  TECHNICAL  REPORT  6R-68B).  STANDARD 
PERFORMANCE  METHODS  are  used;  MODIFIED  rhere 
NECESSARY  by  FACTORS  PECULIAR  TO  TIP  TURBOJET 
PROPULSION.  (AUTHOR)  (U> 
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HEAVY-LIFT  Tip  turbojet  rotor  system,  volume  X. 
STABILITY  and  control.  ( U ) 

descriptive  note:  engineering  rept. 

OCT  65  B9P 
REPT.  no’.  ER-69-50 
CONTRACT:  DA-R‘»-177-AMC-25tT> 

PROj:  DA-lMl2l*»01Dl1»^ 

task:  1MI2I*»0|D1*»*I12 

monitor:  USAAVLABS  *  TR-6M-68J 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE:  SEE  ALSO  AD-625  82l. 

DESCRIPTORS:  {•HELICOPTER  ROTORSi  DESIGN), 

(•HELICOPTERS^  PErFORMANCE(ENGINEERING) > , 

STABILITY,  CONTROL,  TURBOJET  ENGINES,  L  t  FT  i 
SPECIFICATIONS,  HANDLING  (Ul 

IDENTIFIERS?  HEAVY  LIFT  HELICOPTERS  (M) 

the  REPORT  DISCUSSES  THE  RESULTS  OF  a  STABILITY  AND 
CONTROL  ANALYSIS  OF  A  LARGE  CRANE-TYPE  HELICOPTER 
POWERED  BY  A  TIP-MOUNTED  TURBOJET  SYSTEM. 

SPECIFICATION  MIl-H— 8501A  WAS  USED  AS  A  GUIDE 
FOR  CRITERIA'.  SPECIFICATION  CRITERIA  WERE  MET; 

HOWEVER.  FOR  IMPROVEMENTS  IN  HANDLING  QUALITIES,  A 
stability  augmentation  SYSTEM  is  recommended’. 

(AUTHOR)  (U) 
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HEAVY-lIFT  Tip  turoojet  rotor  system.  volume  XIII. 
preliminary  model  specification  for  continental  model 
357-1  engine.  tu> 

DESCRIPTIVE  NOTE:  TECHNICAL  REPT. 

OCT  65  53P 

CONTRACT:  DA-99-177-AMC-25(T) 

task:  1H12190ID1*M12 

monitor:  USAAVLABS  ,  tr-69-68m 

UNCLASSIFIED  report 

supplementary  NOTE:  prepared  in  cooperation  with 
continental  AVIATION  and  engineering  corp., 

DETROIT j  MICH.  SEE  ALSO  AD-629  822. 

DESCRIPTORS:  (^HELICOPTER  ROTORS,  DESIGN), 

.•TURBOJET  ENGINES,  SPECIFICATIONS).  ROTOR 
BLADES(ROTARY  RINGS),  HELICOPTERS^  LIFT^ 

MODELS(EIMULATICNS) ,  PERFORMANCE ( ENG  I NEER I NG )  lU) 

IDENTIFIERS*.  heavy  LIFT  HELICOPTERS  iM) 

The  report  contains  continental  preliminary 

model  SPECIFICATION  no.  2253-Ai  WHICH 
CONTAINS  REQUIREMENT.  CAPABILITY^  and  EN6INE 
performance  data  on  the  continental  model  557-1 

(1700-POUND  THRUST)  TURBOJET  ENGINE  FOR 

HELICOPTER  ROTOR-TIP  MOUNTING.  (AUTHOR)  (U) 
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army  aviation  materiel  labs  fort  eustis  va 

ch-5<*a  skycRane  engine  load  sharing,  rui 

descriptive  note:  ENGINEERING  lab.  rept’.» 

may  66  5 HP  CHESTNUTT,  DAVID  JBARTEK.L.  R. 

REPT.  NO.  USAAVLABS-TR-66-97 , 

PROj:  DA-1M121901D199 

task:  1M121901D1R915 

unclassified  report 

SUPPLEMENTARY  NOTE: 

DESCRIPTORS:  (^HELICOPTERS. 

PERForMaNCE(ENGINeeRING) > .  (^HELICOPTER  ENGINES. 
LOaDInG(MEChANICSj  J  ",  FLIGHT',  operation;  data, 

analysis,  torque,  tables,  graphics  <u> 

identifiers:  CH-5<u  AIRCRAFT  (U> 

The  ENGINE  LOAD-SHARING  CHARACTERISTICS  of  The 
CH-5NA  SKYCRANE  HELICOPTER  WErE  INVESTIGATED  TO 

DETERMINE  if  unequal  load  SHARING  would  be  a 
SIGNIFICANT  PROBLEM.  TORQUE-SPLIT  SAMPLES  WERE 
SELECTED  from  67  HOURS  OF  FLIGHT-LOAD  DATA.  ThE 
parameters  measureo  and  recorded  on  oscillograph 
RECORDS  WERE  AIRSPEEo;  ALTITUDE,  EnGINE  GAS  PRODUCER 
rpm;  engine  torque;  main  rotor  rpm;  vertical 
acceleration  at  AIRCRAFT  center  of  gravity;  and 
outside  air  temperature,  the  gross  weight  at 
TAKEoFF  AND  LANDING  AuD  the  BAROMETRIC  pressure  were 
MEASURED  AND  RECORDED  AS  SUPPLEMENTAL  DATA.  ThE 
Data  WERE  PRESENTED  IN  a  SERIES  OF  FREGUENC Y-OF- 
OCCURRENCE  GRAPHS?  VARIATION  IN  TORQUE  SPLITS  WAS 
INDICATED  WITH  ThE  OThER  MEASURED  PARAMETERS.  TH£ 
ANALYSIS  OF  THE  DATA  INDICATES  THAT  THE  ENGINE  LOAD 

splitting  is  significant  at  takeoff  and  landing  and 
should  be  investigated  further,  (author)  <u» 
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ARMY  AVIATION  HATERIEL  LABS  FORT  EUSTIS  V A 

CH-5HA  SKYCRANE  HELICOPTER  FLIGHT  LOADS  INVESTIGATION 
PROGRAM.  <u> 

DESCRIPTIVE  NOTE:  TECHNICAL  REPT . 

jijN  66  183p  BRAUN, JOSEPH  F,  JGIESSlER.F. 

JOSEPH  J 

REPT.  NO.  U5AAVLA3S-TR-66-58, 
task:  1P125901A1R607, 

UNCLASSIFIED  REPORT 

SUPPLEMENTARY  NOTE;  PREPARED  IN  COOPERATION  KITH 
TECHNOLOGY,  INC.,  DAYTON,  OHIO. 

DESCRIPTORS:  (•HELICOPTERS,  FLIGHT  TESTING),  DATA, 

TABLES^  GRAPHICS,  PERFORMANCE < ENG  I NEER I NG )  (U> 

IDENTIFIERS:  CH-5nA  AIRCRAFT  (U> 

The  REPORT  DEALS  WITH  THE  ANALYSIS  OF  THE  110.N 
HOURS  OF  CH-5NA  SKYCRftNE  DATA.  CENTURY  H09B 
OSCILLOGRAPH  RECORDERS  WERE  USED  TO  COLLECT  THE 

parameters  measured,  including  airspeed,  altitude, 
vertical  ACCELERATION  AT  CENTER  OF  GRAVITY,  HaIN 
ROTOR  RPM,  LONGITUDINAL  CYCLIC  STICK  POSITION, 
COLLECTIVE  STICK  POSITION,  OUTSIDE  A I R  TEMPERATURE, 
TCR3UE  ON  EACH  ENGINE'.'  AND  GAS  PRODUCER  RPM  ON  EACH 

engine,  barometric  pressure  and  takeoff-and- 
LANDING  gross  weight  estimates  were  also  recorded  AS 
supplemental  information,  the  flight  data  were 
divided  into  four  CATEGORIES  BY  mission:  ASCENT, 
maneuver,  descent,  and  steady  state,  the  aircraft 
were  performing  their  normal  mission  functions  during 
the  period  in  which  the  data  were  collected,  time 
histcPy  tables,  histograms,  peak  counts,  and 
exceedance  curves  were. generated  FROM  the  data,  as 
a  result  of  this  study,  designers  now  have  a  limited 
sample  of  conditions  experienced  by  four  ch-5sa 
aircraft  in  the  field,  (author)  * u 3 
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LOCKhEED-CaLIFORnI A  CO  BURBANK 

PARAMETRIC  ANALYSIS  and  preliminary  design  of  A 
shaft-driven  rotor  system  for  a  heavy-lift 
helicopter.  <u> 

DESCRIPTIVE  NOTE!  FINAL  REPT., 

AUG  66  328p  BILEZlKJlANivAHE  JBRYE, JAMES 

M.  jchilders^harry  M.  {CON  a  aY  .IMIlLIAM  j.  { 

GOLDSTEIN. HARRY  O?  i 
REPT.  NO.  LR-19I9?, 

CONTRACT:  Da-99-I77-AMC-276(T>  , 

PROu:  DA-lF I3l00l0157j 

monitor:  USaAVLABs  TR-66-98 


UNCLASSIFIED  REPORT 


SUPPLEMENTARY  NOTE: 

descriptors:  (-helicopter  Rotors,  design),  lift, 
drive  shafts.  loadingihEChanics)  ,  transport 
planes,  WEIGHT,  AERv^.LaSTICITY;  ANALYSIS, 
stability!  CONFIGURATION  (U) 

identifiers:  heavy  LIFT  HELICOPTERS  <m> 


A  PARAMETRIC  ANALYSIS  AND  A  PRELIMINARY  DESIGN 
STUOY  WERE  CONDUCTED  TO  DETERMINE  THE  OPTIMUM 
CHARACTERISTICS  OF  A  SHAFT-DRIVEN  ROTOR  WHICH  WOULD 
RESULT  IN  THE  LIGHTEST  GROSS  WEIGHT  HELICOPTER 
CAP.SLE  OF  LIFTING  MILITARY  LOADS  IN  THE  12-  TO  20- 

TON  range*  the  study  considered  single-  and 
tandem-rotor  helicopters  with  Internal  cargo  and 
CARGO  POD*  types  OF  R0TORS  ANALYZED  W'EPE 

articulated,  teetered!  rigid,  and  matched-stiffness, 
existing  turbine  engines  or  growth  versions  thereof 
were  considered.  COMPONENT  weight  equations  WERE 
DEVELOPED  and  a  COMPUTER  program  was  utilized  to 
DETERMINE  THE  ROTOR  CHARACTERISTICS  FOR  EACH 
HELICOPTER  CONFIGURATION,  for  a  given  SET  Or  ROTOR 
parameters!  the  program  computed  the  POWER  PLANT 
Rating!  fuel  required!  AND  THE  EMPTY  WEIGHT 
CORRESPONDING  TO  THE  HELICOPTER  WHICH  WOULD  SATISFY 
The  MOST  CRITICAL  MISSION  REQUIREMENTS  WITH  ThE 
MINIMUM  GROSS  WEIGHT.  THE  PERFORMANCE  OF  THE 
TESULTING  CONFIGURATION  was  determined.  DESIGN 
studies  OF  The  ROTOR  SYSTEM,  ROTOR  CONTROLS,  ROTOR/ 
PROPULSION  ARRANGEMENT,  AND  THE  GENERAL  ARRANGEMENT 
WERE  MADE*  ROTOP  LOADS  "ERE  DEVELOPED  AND  A 
STRUCTURAL  design  ANALYSIS  OF  The  rotor  SYSTEM, 
Including  fatigue  and  weight  analyses!  Yi-as  prepared. 
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BOEING  CO  MORTON  PA  VERTOL  DIV 

STUDY  OF  THE  HEAVY-LIFT  HELICOPTER  ROTOR 
CONFIGURATION,  I 

DESCRIPTIVE  NOTE;  TECHNICAL  UEPT.', 
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monitor:  USaAVLABS  TR-66-61 

unclassified  report 


descriptors:  <fTRANSPOf?T  planes,  HELICOPTERS) 

^•HELICOPTER  ROTORS j  CONFIGURATION),  LIFT, 

DESIGN,  OPTIMIZATION,  DRIVE  shafts,  MATHEMATICAL 
ANALYSIS,  STALLING,  FLUTTER,  AERODYNAMIC 
CHARACTERISTICS^  FORCE(MECHaNICS) , 

FUSELAGES  (U) 

identifiers:  heavy  LIFT  HELICOPTERS  (M) 

a  tyo-part  parametric  analysis  and  design  study  was 

CONDUCTED  to  DEFINE  The  OPTIMUM  SHAFT-dRWEN  ROTOR 
system  For  The  HeAVY-lIFT  helicopter.  A  PARAMETRIC 
analysis  wAs  made  for  the  tandem-lift  rotor  system 
and  the  single-lift/antitorque  rotor  system; 
mathematical  models  were  programmed  for  derivation  by 
large  digital  computers,  the  preliminary  design 
study  used  the  rotor  geometry  determined  by  the  rotor 
system  PARAMETRIC  ANALYSIS,  attention  was  given 
PRIMARILY  to  THE  ARTICULATED  rotor,  study  of  the 
hingeless  SEMIRIGID  RoTOR  was  limitedto  AN 
exploratory  parametric  analysis  which;  however, 
covers  the  areas  of  risk,  the  weight  INCREMENT,  and 
the  areas  worthy  of  further  study,  the  preliminary 
design  study  SPECIFICALLY  covers  stall  flutter,  flap- 
lag  INSTABILITY,  Rotor  hub  SHAKING  FORCES,  ANu 

fuselage  response,  (author)  <u> 
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POWER  plant  STUDY  FOR  SHAFT-DRIVEN  HEAVY-LIFT  ROTaRY- 
W i NG  AIRCRAFT.  {U> 

descriptive  note:  final  Rept., 
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UNCLASSIFIED  REPORT 


DESCRIPTORS!  («GAS  TURBINES,  *helicopters>  , 

PROPULSION,  ROTARY  AINGS,  LIFT,  DESIGN, 

•  EIGHT,  PERFORMANCE(ENGINEERING)  t  u  > 

identifiers:  heavy  lift  helicopters  ?u> 

STUDIES  *ErE  CONDUCTED  ON  VARIOUS  MULTIEnGINEGAs 
TURBINE  PROPULSION  systems  for  a  shaft-driven,  heavy- 
lift  HELICoPTEP.  THE  HELICOPTER  was  based  on  A. 
design  GROSS  WEIGHT  OF  75,000  TO  85,000  POUNDS, 

HAVING  A  90,000-POUND  PAYLOAD.  GROWTH  VERSIONS  OF 
existing  gas  turbine  engines  were  applied  to  the 
STUDY.  THE  FOLLOWING  TYPES  of  engine  SYSTEMS  were 
Investigated:  free-power  turbine^  mechanical 
COUPLING^  REGENERATI VEi  front  drive,  fixed-power 
turbine,  gas  coupling^  nonregenerative,  and  rear 
drive,  the  ENGINE  PACKAGING  arrangements  were 
vertical  and  horizontal  installations  in  single-, 
Tandem.-',  and  quad-rotoR  helicopters.  THE  PRIME 
study  criteria  were  weight  savings  (Fuel  plus 

INSTALLED  ENGINE)  ANq  HELICOPTER  PERFORMANCE. 

additional  subjects  of  study  were:  power 

AUGMENTATION  BY  WA1 ER-METHANOL  INJECTION  OR  INCREASED 
TUR3INE-INLET  TEMPERATURE*!  ELECTRICAL*.  HYDRAULIC*  AND 
PNEUMATIC  STARTING  SYSTEMS?  AND  CONTROL  PROBLEMS 
CONCERNING  LO  AO  SHARING,  ENGINE-OUT  OPERATION,  AND 
STABILITY.  (AUTHOR)  (U> 
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descriptors:  (-helicopter  rotors,  design),  lift, 

HELICOPTERS^  ROTOR  BLADESiROTARY  WINGS)” 

stability^  configuration,  structural  parts, 

PERFORMANCE (ENGINEERING)  <U> 

identifiers:  HOT  CYCLE  propulsion  SYSTEMS,  heavy 
lift  HELICOPTERS  tui 

IN  A  PRELIMINARY  DESIGN  STUDY  OF  A  r.OTOR  SYSTEM  FOR 
A  HOT  CYCLE  HEAVy-LIFt  HELICOPTER,  THE  FOLLOWING 
ITEMS  *ERE  ACCOMPLISHED.  U)  AN  ANALYTICAL 
PROCEDURE  WAS  DEVELOPED  THAT  PERMITTED  CALCULATION  OF 
FULLY  COUPLEO  PLaDE  RESPONSE  AND  DYNAMIC  STABILITY 
CHARACTERISTICS?  ( 2 »  PARAMETRIC  and 

configuration  studies  involving  basic  characteristics 
OF  The  ROTOR  system  were  conducted;  <  3 )  DESIGN 
layouts^  structural  design  studies,  and  detailed 

•HEIGHT  ANALYSES  WERE  MADE  (DESIGN  AND  ANALYSIS  *ERE 

limited  to  the  integrated  lift-propulsion  system  with 
emphasis  on  the  rotor  system);  <*n  preliminary 
DESIGN  WAS  completed”  and  PERFORMANCE  OF  THE  OPTIMUM 
ROTOR  FOR  THE  HEaVY-LIFT  MISSION  REQUIREMENTS  WAs 
DETERMINED;  (5)  A  FULLY  COUPLED  BLADE  LOADS 
ANALYSIS  OF  THE  OPTIMUM  ROTOR  WAS  MADE  I  AND  (6>  A 

full-scale  mockup  of  the  Rotor  hub  area  was 

CONSTRUCTtD.  (AUTHOR)  <U> 
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UNITED  AIRCRAFT  CORP  STRATFORD  CONN  SIKORSKY  AIRCRAFT 
OJV  - 

PARAMETRIC  analysis  and  preliminary  design  of  a 
SHAFT-DRIVEN  ROTOR  SYSTEM  FOR  A  HEAVY  lIPT 

helicopter.  <U> 
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DESCRIPTORS:  (•HELICOPTER. ROTORS,  DESIGN),  DRIVE 

Shafts,  lift,  helicopters^  payload, 
configuration^  stability,  mathematical 
analysis  cjj 

identifiers:  heavy  lift  helicopters  ( u > 

The  PRIMARY  OBJECTIVE  OF  The  PROGRAM  ,*aS  TO  SELECT 
and  design  a  shaft-drjven  LIFTING  ROTOR  system  For  a 
heavy  LIFT  HELICOPTER.  THE  SELECTION  INCLUDED  A 

complete  parametric  analysis  of  the  aircraft,  based 

On  TwReE  DEFINED  MISSIONS:  LIFTING  A  2P-T0N 

payload  20  nautical  miles,  lifting  a  i2-ton  payload 

100  NAUTICAL  MILESj  AnD  FERRYING.  SEVERAL  AIRCRAFT 

configurations  "ere  studied,  and  a  single  rotor  crane 
ARRANGEMENT  sas  selected,  included  IN  the  study 
were  selection  of  engines  and  parametric  SIZING  OF 
all  MAJOR  AIRCRAFT  COMPONENT  SYSTEMS.  THE  AIRCRAFT 
DEFINED  HAS  a  TAKEOFF  GROSS  WEIGHT  FOR  THE  20-TOn 
MISSION  OF  APPROXIMATELY  79,000  POUNDS^  AND  USES  a 

single  lifting  rotor  91.6  feet  in  diameter,  ferry 
Range  exceeds  2*00  nautical  miles,  while  differing 
in  detail  from  any  existing  hardware^  the  rotor 
system  design  follows  directly  from  present  practice, 
analyses  OF  AIRCRAFT  STABILITY  and  control 
characteristics  and  rotor  system  stability  for  The 
SELECTED  CONFIGURATION  WERE  PERFORMED^  and  the 
METHODS  and  RESULTS  REPORTED,  for  all  of  THE 
properties  stud i ed j  50TH  the  aircraft  and  the  rotor 
SYSTcM  WERE  shown  TO  MEET  OR  EXCEED  The  REQUIREMENTS 
OF  APPLICABLE  SPECIFICATIONS  AND/OR  ACCEPTED 
PRACTICE.  (AUTHOR)  CU> 
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descriptors:  C *HElIC0PTERS ,  EARLY  warning 
SYSTEMS).  (•SHORT  TAKE-OFF  PLANES j  EARLY  WARNING 
SYSTEMS).  (*EaRLY  WARNING  SYSTEMS,  »VOICE 

communication  systems j ;  army  aircraft;  observation 
planes,  pilots;  malfunctions,  cockpits"  aviation 
ACCIDENTS,  human  engineering,  statistical  ANALYSIS, 
display  systems;  AUDITORY  signals,  instrument 
panels,  mission  profiles,  job  analysis; 

QUESTIONNAIRES  (U) 

IDENTIFIERS:  •VOIcE-WarNING  systems;  UK-1B 
AIRCRAFT,  UH-10  AIRCRAFT,  AH-IG  AIRCRAFT,  H- 
*»7  AIRCRAFT,  CH-R7  AIRcPAFT,  H-5*4  AIRCRAFT,  CH- 
5*4  AIRCRAFT,  v-l  aircraft;  OV-1  AIRCRAFT,  H-l 
AIRCRAFT  cu> 

The  REPORT  DESCRIBES  an  analytical  study  THAT  14* as 
intended  to  serve  as  a  basis  for  the  application  of 
voice-warning  systems  ;vws)  for  the  uh-ib  and 

UH-10  cHUEy),  aH-ig  (oOBRA),  CH-*47 
(CHINOGK),  CH  — 5*4  (SKYCRANE),  and  0  V- 1 

(hohawk).  the  following  problems  of  installing 
a  VAS  IN  these  Army  aircraft  were  studied: 

(1)  the  identification  and  selection  of  messages 

For  MAXIMUM  EFFECTIVENESS;  (2)  THE  DETERMINATION 
OF  PRIORITY  SEQUENCES;  AND  <3)  THE  INTEGRATION  Of 
The  V*5  INTO  EXISTING  COCKPITS.  THE  STUDY 

Involved  the  colle.tion  of  basic  data  and  the  conduct 
AND  VALIDATION  of  MISSION  analyses;  OPERATIONAL 
sequence  diagrams,  task  analyses,  aircraft 
CONFIGURATION  analyses;  PILOT  opinion  surveys',  and 
ARMY  AIRCRAFT  ACCIDENT  ANALYSES.  IN  THE  REPORT, 

PRIORITY  SEQUENCES  ARE  DERIVED  FOR  ALL  MAJOR 
EMERGENCIES  FOR  THE  SIX  VEHICLES*  FURTHER  ANALYTICAL 
EFFORT  IS  DESCRIBED  WhICH  REDUCED  THE  LIST  TO  20 
MESSAGES  FOR  INCLUSION  IN  THE  YWS.  FOR  EACH 
AIRCRAFT,  2  LISTS  OF  20  MESSA6ES  ARE  PROPOSED;  OnE 
LIST  ASSUMES  ADDITIONAL  SENSORS, 
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